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AERONAUTIC  SYMBOLS 
L  FUNDAMENTAL  AND  DERIVED  UNITS 
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Di 
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Symbol 

' 

Metric 

English 

Unit 

Abbrevia- 
-  tion 

Unit 

Abbrevia¬ 

tion 

Length- _ 

•  Time _ 

Force — - 

1 

:  t 

‘  F 

meter- _ _ _ 

second--- _ ■ - 

weight  of  1  kilogram . 

m 

s 

kg 

foot  (or  mile) _ _ 

second  (or  hour)—  — - 
weight  of  1  pound _ 

ft  (or  mi) 
sec  (or  hr) 
lb 

Power-—--- 
Speed-  - _ _ 

'  -  P  .  ’ 
-  F  ; 

i  horsepower  (metric) . 

'/kilometers  per  hour - 

\metera  per  second . — 

kph 

mps 

horsepower _ _ ^  - 

miles  per  hour - ' - 

feet  per  second. - - 

hp  ; 

mph 

fps 

2/ GENERAL  SYMBOLS  „  - 

Weight—  ^  ^  Kinematic  viscosity 

Standard  ^eleration  of  gravity=9.80665  m/s®  p  Density  (mass  per  unit  volume) 

or  32J74U  ft/sec® .  Standard  density  of  mj  air,  0.12497  kg-m'^-s®  at  IS®  0 

_  “  W  V  .  ^  and  760  mm;  or  0.002378  Ib-ft*^  sec® 

Mass— "V  ;  'Specific  weight  of  ‘%tandard^^^  air,  1.2265  kg/m?  m 

Moment,  of  inertia— indicate  axis  of  0.0765 l  ib/cu  ft 
.  radius  of  gyration  J;  by  proper  s-  script.)  > 

Coefficient  of  .viscosity  _ 

■  a.  AERODYNAMIC  SYMBOLS 


Area  . 

Area  of  wing 
Gap 
Span 
Chord 
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Aspect  ratio,  g- 
Time  air  speed  • 
Dynamic  pressure, 

Lift,  absolute  coefficient 


Drag,  absolute  coefficient  Cz>= 
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Profile  drag,  absolute  coefficient 


Induced  drag,  absolute  coefficient  : 

D 

Parasite  drag,  absolute  c  :dent 
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Cress-wind  force,  absolute  ci^exiicient 
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ai 

eta 


Angle  of  setting  of  wings  (relative  to  thrust  line)  ‘ 
Angle  of  stabilizer  setting  (relative  to  tlmist 
line) 

Resultant  moment 
Resultant  angular  velocity 

Reynolds  number,  p^  where  I  is  a  linear  dimen* 


sion  (e.g.j  for  an  airfoil  of  1 .0  ft  chord,  100  mph, 
standard  pressure  at  15°  C,  the  corresponding 
Reynolds  number  is  935,400;  or  for  an  airfoil 
of  1.0  m  chord,  100  mps,  the  corresponding 
Reynolds  number  is  fi,865,000) 

Angle  of  attack  .  " 

Angle  of  downwash 
Angle  ol  attack,  infinite  aspect  ratio 
Angle  of  attack,  induced 
Angle  of  attack,  absolute  (measured  from  zero- 
lift  position) 

Plight-path  angle 
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SUMM.\UY 

The  resultf^  of  measurements  in  the  Langley  full-scale  funnel 
of  the  maximum  lift  coefficients  ami  staUimj  characteristics  of 
airplanes  hare  been  collected.  I  he  data  hare  been  analyzed 
to  show  the  nature  of  the  effects  on  maximum  lift  and  stall  of 
wing  geometry j  fuselages  and  nacelles,  propeller  slipstream, 
surface  roughness,  and  'wing  leading-edge  appendages  such  ax 
ducts,  armaments,  tip  slats,  and  airspeed  heads.  ( 'omparisonx 
of  full-scale-tunnel  and  flight  measurements  of  maximum  lift 
and  stall  are  included  in  some  cases  and  the  eflects  of  the  di  fferent 
testing  techniques  on  the  maximum-lift  measurements  are  also 
giren. 

The  results  indicated  that  large  improrements  in  the  maximum 
lift  and  stalling  charactenstics  of  airplanes  can  be  obtained  by 
careful  attention,  to  detail  design.  Surface  roughness,  wing 
leakage,  and  the  improper  location  of  ducts,  armament,  ami 
slats  at  the  leading  edge  of  a  wing  hare  been  found  to  cause 
serious  losses  in  the  maximum  lift  coeflicient  of  an  airplane. 
Wings  hamng  high  taper  ratios  and  large  amounts  of  sweepback 
hare  been  shown  to  be  subject  to  poor  stalling  characteristics 
because  they  are  suscept  ible  to  tip  stalling.  I  he  proper  com¬ 
binations  of  washout  and  changes  in  camber  and  wing  tlnckness 
from  root  to  tip  with  taper  will  usually  produce  satisfactory 
stalls  on  wings  subject  to  tip  stalling.  .1  comparison  id  full- 
scale-tunnel  and  flight  measurements  oj  the  maximum  lift 
coefficient  of  an  airplane  .showed  that  .satisfactory  agreement  may 
be  obtained  if  tin  compari.son  is  made  under  stmdar  lest 
conditions,  such  as  Reynolds  number,  .slipstream,  and  time  rate 
of  change  of  a ngli  of  attack. 

INTRODUCTION 

A  considerable  amount  of  data  have  been  obtained  relative 
to  the  niaxiinuiu  lift  coelficients  and  the  stalling  character¬ 
istics  of  the  military  airplanes  and  mock-ups  tested  in  the 
Lantrley  full-scale  tunnel.  The  results  of  these  tests,  which 
have  beiMi  repoi  ted  separatidy,  have  b(*en  incorporated  in  the 
present  report  to  faidlitate  the  use  of  the  data  by  airplane 
designers. 

Tlie  data  include,  mainly,  lift  curves  and  tuft  surveys  for 
(‘ach  air[)iane  m  ihe  condilion  and  as  niodilicd  in 

various  ways  in  attempts  to  improve  the  maximum  lift  and 
the  stallin^r  characteristics.  The  elfects  of  win^^  <roometry, 
such  as  taper  and  sweep,  are  shown  witli  the  elfects  of  pro¬ 
peller  operation.  Reynolds  number,  and  other  cliaracteristics 
of  the  testing  techni(|ues.  The  elfects  on  maximum  lift  and 


stall  of  adding  irr(‘gulariti(‘s,  such  as  nacelles,  guns,  cooling 
ducts,  and  airs[)(*(‘d  heads,  to  the  wing  surfaces  are  also 
shown.  Flight  obsiu’vations  of  the  stall  were  available  for 
some  of  the  airplanes  and  have  been  imduded  in  the  discussion 
with  an  analysis  of  the  dilferences  between  wind-tunnel  and 
flight  residts.  The  increments  of  lift  coellicient  due  to  split 
and  slotted  lla[)s  as  calculated  from  the  results  of  tests  in 
two-dimensional  How  are  compared  with  the  increments 
obtained  from  these  Haps  when  installed  on  the  airplanes. 

AIRPLANES  AND  EQUIPMENT 

Pertinent  descriptiv'e  data  for  the  airplanes  tested  are 
givim  in  table  I  ami  in  the  three-view  drawings  of  figure  I. 
Photographs  of  the  airplanes  and  mock-u[)s  mounted  in  the 
Langley  full-scale  tunnel  are  [)resented  as  figure  2.  Most  of 
the  airplanes  and  mock-u|)s  are  shown  in  tlie  condition  as 
receiv(‘d  at  the  Langley  full-scale  tunnel  (designated  service 
condition);  a  few  are  shown  in  various  stages  of  modification 
as  described  in  figure  2. 

The  Langley  full-scale  tunnel  and  its  eipiipment  are 
described  in  reference  I. 

METHODS  AND  TESTS 

Tlu‘  stall  was  inv(‘stigaled  by  noting  tln‘  IxHiavior  of 
minu'rous  wool  Hd'ts,  apjiroximah'ly  inches  long,  allach(*d 
to  the  uppiM-  wing  surfaces  of  (lu‘  airplane's.  X’iolent  fluc- 
luations  and  |•(‘vcl‘sals  of  tin*  How  direction  of  the  tuffs 
indicat (‘(1  sc'paration  of  tlu'  air  flow  from  tin*  wing  surfa(’(‘. 
In  sonu'  instanc('s  tlu'  tufts  W(‘re  attach(*d.  at  varitms  lu'ights 
abov(*  tlu'  wing  surface's,  to  light  masts  in  onh'r  to  obtain 
a  nior(‘  positive  indication  of  S('paration.  The  u.st*  of  masts 
was  found  to  lx*  particularly  d(*sirable  on  wings  having  low- 
drag  airfoil  s(‘clions  and  large*  amounts  of  sw(*i*pba(;k  sinc(*, 
in  th(*s(*  cas(*s,  tlu*  boundary-lay(*r  flow  caused  the  surfai'i* 
tufts  to  change*  din'ction  and  appc'ar  stalk'd  before  actual 
si'paration  occurn'd. 

Tlu'  Ix'havior  of  the  tufts  was  studi<'d  over  a  range*  of 
angle*  of  attack  abeive*  and  b(*le)w  tlu*  angle'  e)f  maximum  lift. 
For  s(*V(*ral  e)f  the*  airplane's,  eibse'rvatieins  we're*  made*  with 
the*  landing  Haps  re'trae*t(‘el  and  d(*fle*e*t(*el  and  witli  tlu*  pro- 
jx'ilcrs  r('mo\(‘d  and  ojx'i'aling  at  various  llirusl  coeflicie'Uls. 
In  e'ach  e'use*,  force*  m(*asure‘me‘nts  we're  maele*  e)f  the  variation 
of  lift  with  angle*  of  attae'k  te)  suppl(*nu'nt  visual  anel  photei- 
graphie-  eibse'rvatieins  of  the*  weiol  tufts.  The*  angle's  eif 
attae-k  shown  in  the*  figure's  re*fer,  in  e‘V(*ry  case*,  te)  the  angle* 
of  the*  wing  roe)t  e*he)rd  line*  with  the'  fre'e'-stre'am  eiire*clion. 
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:ii  '-liu'hlK'  IttWi'T  a  1  rspi'i'tl."^.  In  ni'Ui'r  !o  iiuiii-ali'  ila*  (‘fil’d 
)!'  variation  in  Reynolds  nimibi'r.  ineasiirenn'iits  \ver(‘  ina(h‘ 
for  some  of  the  airpiaiK's  ovi'r  an  appro.ximate  raiiLu*  of 
[imnel  \('loeiiy  from  20  to  100  imles  p<'r  hour. 

I'lU'ei’  ri'ad I tirrs  wi’i’o  takf’i)  I(U'  oiu’  of  tlu'  airplaiU's  (air- 


Imr  some  of  the  airpiaiK's  ovi'r  an  appro.ximate  raiiLu*  of 
tunnel  \('Ioeity  from  20  to  100  imles  pi'r  hour. 

I'lU'ei’  ['(‘adinirs  ws’i’c  takf’i)  1(U'  oiu’  ol  tlu'  air[)lan('s  (air- 
,hni(‘  IS;  at  n'u'ular  int('r\'als  whih*  tlu'  anyde  of  attack  was 
a'iiii:-  ehamrcd  at  a  consianl  rate*  m  oiah'r  \o  obtain  a  eom- 
>arison  with  lliyht  nu’asurium'ni s  of  maximum  lift  eoefli- 
■  iiMit.  'I'lw  rati'  of  ehanyu'  of  aiiiilc  of  attai’k  per  si'cond  lor 
he-^e  ti'^m  was  \  aried  bi'twei'ii  0,02.')”  and  0.200*^, 
ddu'  idual  wind-tunnel  jf'l-boundary  and  i)loekin.ij:  eoi- 
•('ei!  -  ha\'e  bi'im  appiii’d  to  ail  thi'  data. 

Ri:sri/rs  and  i)is(  rssiox 

The  re’-iills  of  measuri’ments  of  niaximuj]i  iifi  e()('lliei('n t s 
ind  ^lallinu'  eha raet erist ics  of  Is  airplani's  tested  in  thi' 
^.anuT'V  full->eal(‘  tunnel  aia'  siimmarizi’d  in  tlu'  followinii; 
irctions.  In  most  eases  the  results  are  ^-iveii  foi“  thi'  air- 


)iane<  will!  landinii-  Maps  retraeied  and  with  land 


lilly  ('X  t  etii  lei  I . 
i( >ns  ! ( )  shttw  1 


are  Ltfouneil  in  the  Mrs 


iia raet  erisi  le 


on  maximum 


-tall  of  w  iny  yeomelrv,  fiiselaLO’S  and  naei'lles,  propeller  >lip- 
<tream.  surface  I’ouirhness  and  h'akaLTt'.  anil  win^  h'adim: 
imIl:'!'  a f)p('ndaL:'(‘s.  In  the  final  section-.  eom[)arisons  aiv 
made  of  the  incri'nu'nts  of  lift  coedicient  due  to  split  and 
-lotted  Maps  and  of  wind-tunnel  and  lliirlit  measuremi'n t s  of 
maximum  lift  coi'Micients  of  airjtlanes, 

W  IM:  (UtO.MK'rRY 

Conventional  plan  forms.  Stall  proyi-essions  lor  air|)lane- 
with  untwisted  winn-s  of  diirereiit  lapei-  I’alios  (aii'planes  M 
12,  and  S)  are  pre  led  in  ii^nire  :>  for  landiiiir  Maps  retracti'd 
and  fully  defh'cte  Vlthoiiiz-h  these  data  are  ^nven  for  com- 
pleti'  airplanes  w  ehmu's  and  nacelles  but  with  propelh'is 

remo\'(‘d.  the  re-  aiw  tri’iids  yi'nerally  chai'acti'rist  ic  ot 

the  ('M'ects  ol  win  r  ratio  on  ihi'  proirression  of  the  stall. 

With  tin'  landing  sf)s  retracti'd  (My.  Mia)),  local  areas  ol 
.-eparalion  appeai'cd  on  airplani’  IM  (winir  tapei-  I'atio,  |;1. 
at  the  winy  trailiny  edyi'  near  the  fiiselaire  and  behind  oil- 
eooh'r  oil  t  let  s  located  just  milboard  of  each  nacelle  lor  ri'la- 
lively  low  anyles  of  attack;  the  main  stall,  howi'vei*.  started 
at  t  he  winir  t  i f)s  a nd  [jroyi'essed  iid)oard  wit  h  increasiny  aiiLde 
of  attack,  ddn'ori’l  ica  1  st  ml les  i  relerences  2  to  4  i  show  that, 
foi-  plain  imtwisli'il  wiiurs  of  hiyh  taper  ratio,  the  section 
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I  Moclifu'd  k'lin  sloi'vos. 


V'lr.vRK  IT.-Kffc'rt  <»f  vuridiis  machinc-Kun  (().«)-calti.or^  inslalliUions  on  tho  itmxitnnm  lift 
i'oi*nicU*nl  of  uirplatu‘  II. 

jiirplaiu'  1 1  HIT  ^iv(Mi  in  ivfcivncc*  8.  Tlio  results  of  llu'se  t(*sts 
;uv  suniiiuirized  in  fiirnn's  17  and  IS.  Tin*  of  2.00  for 

tlio  nirplanc  with  hare  win^s  and  landinir  Haps  d(‘lleet(Ml 
u-as  used  as  a  reh'renee  valin^  for  estiinatin^^  the  ellVets  of  the 
various  inaeliiiu'-^tin  and  (‘annon  installations. 

The  smallest  rediietion  in  was  measured  with  the 

machine  irtins  mounted  in  tlie  Hush  position  I7c  The 
(\  with  fourHush  iruns  mounted  in  the  hhili  position  (Hlc  10) 
was  only  sli^rhtly  lower  tlian  the  reference  value,  whereas  the 
(',  \vas  decreased  0.00  below  the  reference  value  with  the 

‘‘max 

Hush  <runs  in  the  low  position  (fisr.  20).  I  he  lowest  value  of 
Cr  (I  86)  was  measured  with  the  2-ineh  barrel  e.xtension 

‘'mar  ^  . 

ili<r.  21).  The  coinhination  of  lO-inch  barrel  e.xtensu’.'i  and 
low  llush-frun  mounting'  fairiiifia  atid  hreech  fairintrs  (liy.  22) 
decreases  the  t  hy  0.00.  With  Ihcse  fairinys  rciTiovcd.  tlic 
( V  was  reduced  O.i:;  lielow  the  reference  value.  'Phe  < 

‘‘max 

was  1.91  with  the  IS-incli  barrel  e.xtension  (Iilt.  '2‘A).  It  is 
oossible  that,  with  tlu'  isdneh  <‘xtension.  the  disturbances 
caused  by  tin*  (uids  of  thei^un  barrels  passed  over  the  wm^^s 
and  resulted  in  a  smaller  loss  ot  ( than  with  the  2-inch 
and  lO-inch  extensions. 
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|■’nit•llK  IS.  KlTool.  of  vtitiou.s  •JO-millinH’tiT-Cimiion  instnlliitiotis  on  llio  nmxiinurn  lift 
(•(H'fliriont  of  iiirplnnc  11. 


Three  20-milliineter-eannon  installations  were  tested  on 
air()lane  II  and  included  the  underslun^r  win^  cannon  sliown 
as  installation  1  (tii^.  24),  a  inodilication  desiirnated  cannon 
installation  2.  and  the  (‘ompletely  submerjred  installation 
(fi<r.  25).  Tho  r(‘sulls  t)f  these  tests  (ti^c  IS)  show  that  the 
luLdiest  ^ (1.91))  was  measured  for  the  submerged  instal¬ 
lations.  T1h‘  maximum  lift  cot'Hicituit  was  1.91  tor  umh'r- 
shmir  installation  1.  Installation  I  was  then  modified  to 
installation  2  by  d(‘creasin,ir  tlu'  width  of  the  section  near  the 
Ifuulin^  ed^e  of  the  winj;  and  th(‘reby  reducing  the  abrupt 
pre.ssure  chan^^e  at  the  front  of  thecanru)n  fairing.  The  maxi¬ 
mum  lift  coeflicient  was  1.95  for  cannon  installation  2. 

Tlie  effect  of  installinjr  a  87-millimeter-cannon  mock-up  at 
the  hauling  (‘d<r('  of  (aich  winir  of  airplane  t,  which  has  low-dra^ 
airfoil  sections,  is  shown  in  figure  26.  Observations  were 
made  with  tin'  tufts  on  only  the  left  win^^  The  results  of  these 
tests  showc'd  that  the  cannon  installation  caused  prefiiature 
wiufX  stall  which  resulted  in  a,  reduction  of  0.18  in  (  and 
of  about  8"*  in  the  angle  of  maximum  lift.  The  a<lverse 
(dVi'cts  of  mount iuL'’  a  cannon  on  a  wing  may  be  naluced  by 
installing  a  fairing  at  the  wing-cannon  juncture  to  insure 
smooth  air  flow'  over  the  wing  section  directly  behind  the 
cannon. 
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1\\()  m()(*k-i)ps  n|  •J()-iitiilnn(M(M-  cjinfion  wwr  ((>s((aI  oii 
i)olh  w  in u's  (if  nii’phiiK's  tP  niul  I  l<>  lim  ('lli'cts 

on  ()  lh('  r(‘snlts  nf  llu‘S('  t('sls  niid  sk('t(‘lins  showing-  !hn 
(•.■itnioii  instnikit  ions  niv  pi\'(‘n  in  Wixwiv  '27.  d’ln’  I.'irunst 
rcdiictuni  id  diH'  lo  ilu'  (‘annon  insl  allat  inns  was 

n!('asiii'(Ml  f(>[‘  airplatu'  -V  wliinh  iiad  no  fairing'  al  tin'  win^*- 
(Ainnon  iinn'liiiax  I'ot*  (his  <“a-n.  ^  'vas  laaliKaal  Irniii 


1 .77  I’oi-  (hr  hac(‘  wini!'  wilh  flaps  ( h‘ii(M‘i  nd  [n  i.7l  Ini-  iln 
w  mi:'  will)  ( h('  loiii'  (‘annon  mock-iip^  in>iall('d.  'Flu'  cannoi 
instaiiaiion  on  aicpiatu'  I.  which  lias  a  low-d  cai:' \\  inir.  <‘a  tis(M 
a  i‘(m! iici  i(m  'ti‘ only  (k!'2  in  ^ d’h(‘  sktMciu's  in  hizain'  '2] 
'-how  cl('ai’ly  lhal  tlu‘  cannons  wan’t'  faii'('d  smoolldy  into  ilu 
wiiii:-  of  iliis  airphiru'  so  that  no  ahimpl  clainu'cs  occiirrt'd  a 
t h(‘  winii'-cannon  jnncl ma'. 
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In;- airplnnr 'J. 

iiuxlilictl  sliits.  Stall  proirrcssions  lof  llit'  airplane  witli  llie 
-;lats  rcmnvcal  arc  ^nvcii  in  (i^Mirc  The  results  ol  the  stall 
studies  show  that  each  slat  inndilieal ion  successively  im¬ 
proved  the  air  How  over  the  outer  sections  of  the  win-r. 

The  I'llVets  of  the  slat  niodilii'al ions  on  the  variation  ol  ( 
with  C,  and  on  the  of  airplatie  <t  are  showt.  in  (itrure  ICi. 

The  extended  slats  in  the  inodilied  (losilton  ehunnated 
h.neitttditial  instability  tiear  tiu-  stall  attd  in  a.ldition 
i„,-na.sed  the  niaxinntnt  lift  eoeilieient  to  I  .Itli  front  l.ir,  lor 
the  airplatie  with  the  slats  retitoved.  Althott^di  the  tests 
with  the  oiiLdnal  slats  in  the  luodilied  position  were  made  at 
a  sliuiitlv  liiLdier  tunttel  speed,  it  is  fairly  evtdent  that  this 
slat  rnstalhition  decreased  the  longitudinal  instability  at  IttLdi 
lift  eoedieients  atid  also  increased  the  iiiaxiniutn  lilt  coelh- 

eielit  of  the  air|)hine.  ,  . 

Wing  ducts.  ( ‘onsiderahle  dillictilty  ts  usually  encoun¬ 
tered  in  the  dcsiirn  of  the  shape  and  locatioti  of  witig-duct 
inlets  owitiir  to  tlie  critical  nature  id'  the  How  at  the  leadttig 

I-  ,,  t . . ral  if  tl|i-  it’Ict  i-  ohlccd  toil  liiu'h 

„„  the  Ultie  leading  edge,  the  uitcrnal  How  >cparatc>  iioni 


the  lower  lip  (d'  the  duct  inlet  at  nuxleratc  angles  of  attack 
whereas  the  external  How  separates  over  the  upper  lip  <d'  the 
duet  ittlet  at  high  angles  cd  attack  and  thereby  induee^>  a 
premattire  stall  atid  a  low  valtie  of  If  the  inlet  is 

placed  loo  low.  the  external  How  separates  at  low  angles  ol 
attack  from  the  upper  lip  jiisl  within  the  inlet  and  thus 
(■:ius(‘s  sfM'ioiis  1<)SS(‘S  ol  total  |)!*(‘ssiii'(‘, 

A  studv  of  srvorai  ducts  iustallcd  in  (he  win^^s  of  a  full- 
scale  luock-up  of  a  (‘onveniional  sin^de-eriLdne  pursuit  air- 
plane  (airplane  liri  was  made  in  the  Langley  full-scale  tunnel 
to  deti'rmine  the  inllueliee  of  inlet  di'sign  on  (he  pressiire 
losses  within  the  duel  and  on  the  aerodynamie  eharaeterist ies 
id'  the  airplane.  The  results  of  some  id'  these  tests,  whieh  are 
reported  in  refereiiee  •),  are  given  in  ligures  :!-f  to  tdi.  The 
inlet  proliles.  whieh  are  shown  in  ligures  :!4  and  Hti.  are 
i„  Mceordanee  with  the  inlet  .lesignations  given  in 
leferenee  tl.  The  elfeel  of  inlet  si/.e  and  shape  on  the  ma.xi- 
iiium  lift  eoeilieient  of  the  airitlane  is  shown  in  figure  tU  and 
(he  elfeel  of  lift  eoeilieient  on  the  average  total  pressure  at 
the  front  of  the  radiator  behind  these  same  three  inlets  is 
given  in  ligiire  do,  Inasinueh  as  the  inlet  areas  were  not 
eiptal  for  all  the  duets,  the  inlet-velocity  ratios  were  iinetpial 
at  anv  particular  lift  eoeilieient;  it  is  believed,  however,  Hiat 
this  (iillVrenee  will  not  detract  from  the  general  eonelnsions 
drawn  from  the  results.  The  highest  ( was  obtained 
with  inlet  d  installed  on  both  wings,  hut  the  total-pressure 
recovery  tit  the  heat  exchanger  hehind  this  inlet  droitped  oil 
very  rapidlv  above  a  lift  eoeilieient  of  0.4.  For  this  inlet, 
the  dilfuser'aml  the  plane  of  the  inlet  o|>ening  were  inelined 
farther  downward  from  the  wing  chord  line  than  for  inlets 
2  !ind  4  Inlet  4  gave  the  best  over-all  tottil-pressure  recov¬ 
ery  at  the  heat  ext  hanger:  the  maximmii  lift  eoelfieient  with 
this  inlet  installed  on  both  wings,  however,  was  0,07  lower 
for  inlet  d.  'I'lie  h.wesl  und  t.ver-all  total-pressure 

roeovery  was  measured  for  inlet  2.  for  whieh  the  dilfuser  and 
the  plaiie  id'  (he  inlet  opening  were  most  nearly  parallel  and 
ptupendieular.  respectively,  to  the  wing  tdiord  line.  Keler- 
enee  (I  shows  that,  of  the  inlets  tested,  (he  one  giving  (he  best 
eompromist'  between  high  pressure  recoveries  at  the  heal 
j  extdianger  anil  satisfactory  maximum-lift  eharaeieristies  ol 
!  (he  dueted  wing  had  an  upper  lip  with  a  large  leadlIig^'dge 
I  radius  eonforming  approximately  to  the  contour  ol  the 
original  wing,  a  lower  lip  cut  hack  to  turn  tlie  inlet  plane 
downward  70°  to  the  ehoril  line,  and  a  ihlliiser  inelmed 
approximatelv  10°  to  the  wing  ehoril  line. 

.Stall  progres.dons  and  lift  data  are  given  in  ligiire  dC.  lor 
three  verv  dissimilar  duel  inlets  located  in  the  left  wing  ol 
airplane  10.  These  results  fitriher  emphasize  the  ell'eeis  on 
i  maximum  lift  eoeilieient  of  lip  position,  leading-edge  r.idilis, 
and  dilfuser  inclination.  'I'he  highest  ,  Il.:i7)  was 

„l„,,i,„.d  for  inlet  7.  whieh  has  (he  dilfuser  inelined  down- 
:  ward  I  1°  to  (he  chord  line  and  a  large  iippei-lip  leading-edge 
j  radius  The  maximum  lift  eoeliieienl  was  only  1.20  lot 
inlet  1  for  whieh  the  plane  of  the  inlet  oiiening  was  perpen¬ 
dicular  lo  Ihe  wing  chord  line.  Inlet  0  was  litted  with  a 
Happed  lower  lip  tliat  eoiild  he  adjusted  to  provide  smooth 
entry  of  (he  air  How  into  the  duet  over  a  wide  range  ol  angle 
!  of  aitaek:  for  this  ease,  however,  the  t ^  was  still  low  (1-22). 

^  prohahiv  heeaiise  of  Ihe  -hiri)  I . ling-edge  radius  .d  the 

I  ll|)()(M'  il|J. 
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Fiiii  KKits.  K(T<tJ  cirthirt-inlfi  inodincalions on  tin*  «»f  iiirjtljuir  rtopi-lirr  n'innvi'd;  winir  uuns  inslnll<’«l:  npproxinmtt*  Irsf  vHority.  »',0  rnilos  |«'r  hour. 


Airspeed  heads. —Tho  ollVct  on  (lio  air  flow  ovcm*  tlu* 
\vinjj:s  of  |)lacinjr  airsjXM'd  IkmuIs  at  (Ih‘  loading  (‘d^(*s  ot  tin* 
winjxsof  t wo  airplan(*s(airplan(*s  17  and  o) is  shown  in  fiirurt*  .^9. 
Tlu»  airspotal  hoad  on  airplano  17  was  located  dinaMly 
at  tiu'  win^  I(‘adin^  (‘dtrc'  and  resnlt(Ml  in  a  pr(*rnat ui'(‘  stall 
ov<M*  the  s('ction  of  the  win^  ht'liind  tlu‘  luaid.  No  <*ll(‘cl  on  j 
tli(‘  (low  over  the  witiQ*  was  observed  for  th(‘  airs[)(*ed-h(*ad  i 
installation  on  airplaiu'  o.  'rids  alrsp(*(‘d  h(*ad  was  loeat(‘d  on 
the  lower  surface  of  the  wiiiL^  and  extended  forward  helow  | 
tlu'  winii’  leading’’  ed^('. 

C  OMPARISON  OF  SPLIT  \NI>  SLOTTED  FLAPS 

An  analysis  was  made  of  the  increments  of  lift  eoeflieient 
eontrihiited  by  split  and  slotted  Haps  wlien  installed  on  air¬ 
planes  to  ascertain  whether  tbes(‘  valm's  could  b(‘  pivdieb'd 
from  results  of  tests  in  two-dimensional  How.  Measured 
values  of  obtained  from  tests  of  Haps  installed  on  tlu' 

airplanes  and  correspond  in, ir  value's  of  Af  <‘omput('d  from 
available'  t we)-elim(‘nsie)nal  elata  (or  similar  Ha|)S  installe'd  ein 
smooth  winirs  are*  e‘om|)are*el  in  fijxure's  40  anel  41.  I  he*  lilt 
inere'ine'ntselue'  te>  the  Haps  hav«‘  b('e*n  taken  at  abe>ut  .r  be'lejw 
the'  stalliuL"  aiiirle*  e)f  the*  wintr  with  Ha|)S  re'trae-te'd  e)r  ele'He'e*te'el 
tu  bicb<‘Vi‘r  ua\ e  liu-  lower  \a!iii.'>!.  ina>miieb  as  ibesi-  value's 
have*  be'e'u  louiiel  te>  be  relatively  inelepende'nt  e)f  te'st  e-ondi-  | 
I  ions  sue’h  as  Ke*vne)!els  iiumbe'r  anel  winel-t  unne*!  lurbule'ne*e*  [ 
{referene'e*  10).  lM>r  e-omparisein,  the  iwo-elime'iisional  lift 
elata  have  been  evaluate'el  for  partial-span  Haps  by  the  methods 
pre'se'iite'd  in  re'fere'iie'e  11.  ^ 


The  me'asuivel  value's  of  Af  for  the  split-flap  installations 
showe'd  <re)od  a^^ee'inent  in  e've'ry  eaise*  with  the  values  eom- 
pute'el  fre>m  t wo-dime'nsional  elata.  For  the  sle>tte'el-Hap 
installat ieins,  henve've*r.  the*  me'asure'el  value's  we're,  on  theaver- 
a^e‘,  abe>ut  20  pe're'e'ut  le>we'rthan  t  he' ealeulate'el  value's.  The* 
re'ason  fe>r  the*  le)w  value's  of  Af ed)t aim'd  fe)r  the*  slotted-Hap 
installa  I  iems  is  pi-e)bably  t  be*  eliHieidt  ie's  e*nce)unt e're'ei  l)y  manu- 
fae'lure'rs  in  prealue'in^  sleit  shape's  e>f  e'Hie'ie'tU  aeroelynamie* 
ele'si^n.  'Fe'sts  e)f  an  .\A(\\  2o012  airloil  e*eiui[)pe'ei  with  var¬ 
ious  aiTanyeme'ii  Is  e>r  sle)t  t  e'el  Haps  (  re'lVre'iiee  12)  she>\V(‘el  that, 
in  e)rele'r  to  e)btain  hi^di  lift  ine’re'inents,  the*  ne)se  of  the*  Ha[) 
sheudel  be*  loe*ate'el  slightly  ahe*ad  e)r  ami  be'Iow  a  slot  li[)  that 
elire’e'ts  the*  ail*  ele)wnwnrei  e)ve'r  the*  Hap.  In  aelelition.  in  oreler 
to  obtain  le)W'  value's  e>f  elra^  at  moeh'rate  lift  eoe'Hie'ienls,  tlu* 
nose*  of  the'  Hap  should  have  a  ^oexl  aeu'oelynamie  form  anel 
the*  sle)t  e'titrv  she)uld  i)e  e>f  sue*h  shape'  that  ne)  abrupt  changes 
in  the  air-How  diree'tion  oee*ur. 

COMPARISON  OF  FlILL-SC ALE-TIINN EL  AM)  FLICUIT  MEASUREMENTS 

OF  C/ 

In  orele'r  to  e*e>mpare'  winel-1  unne'l  anel  Hi<j:ht  nu'asure'ine'nts 
e)f  the  maximum  lift  e  ex'Hie-ie'nt  e)f  an  airjihim*.  se'vc'ral  fae'tors 
must  be'  e*e)nsiele're'd.  Pi*('vious  inve'st ii^at ions  ( re'fe're'iU'e'S  12 
Mild  1!  lm\('  slieewn  that  tin*  maxiiniiin  lift  ('orHicirni ^ 

obtaine'el  in  te'sts  with  ehan^injT'  anirh'  of  atlae'k  we're'  e'e>nsiele'r- 
ably  hi.irlu'r  than  those*  e)btaim'el  in  te'sts  in  whie'h  the*  le>ree'S 
we're'  nu'asure'd  with  the*  ani^le'  e)f  altae'k  fixe'el.  'Flu'  eliHere'ne'e' 
is  attribute'd  to  the*  la^  in  the*  se'paration  le*nde'ne'y  with 
e'liantrin^  an^le*  e)f  attack. 
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KicrRK  in.  ('imipiirison  bi'twoon  itirjvsuml  !Ui«l  oalruhitpcl  valiirs  of  tho  inoromonts  in  lift 
foollieionr  tine  to  llnp  donoction.  v^plit  flaps. 


K|i;vuk  n.  ('oinparison  hrlwi'oii  nii'M-siirod  and  cah’iilalod  valnos  of  the  iiicn'inoiif s  in  lift 
{•(u-llicirnt  'hn'  to  flap  d(*flt'(’lion.  Slotti'd  flai^. 


\ra\iiniiin  lilt  cot'flicitMits  ()l)tain(*(l  in  fliKiit  JHuI  in  wind 
luniuds  should  1k‘  compart'd  at  tin'  sanu'  Ri'vnoids  numix'r. 
For  lh(‘  normal  ran^t'  of  full-scah'-tunm'l  and  lli^dil  I^t'vnolds 
numiH'rs,  llu'  maximum  lift  cot'irKMt'iits  will  incivasc  with 
lit'vnolds  number.  In  order  to  show  the  ma^Miiludf*  of  the 
Reynolds  numlx'r  elft'ct,  the  variation  .  of  f with 
lieynolds  numht'r  has  het'n  plotted  in  ti^mre  42  for  several 
of  the  airplanes  (airplant's  IS,  Id,  4,  and  Hi)  and  loi’  an 
XACA  2d()l2  winjj:.  Kxe(‘[)t  for  the  east'  ol  air{)lan('  4.  the 


I  f'l.,,,,,,.  inert'ast'd  ahout  O.IO  for  etich  incrtaist'  of  1' MO'’  in 
j  Rt'vnolds  numht'r.  For  airpiaiu'  4,  which  has  a  win^^  with 
j  low-di’air  airfoil  st'clions  (\A(\V  (iti  st'rit'si.  tlu'  inert'ast*  in 
with  Rt'vnolds  nundx'i-  was  considt'i’ahlv  ifn'att'r. 

''mn.r 

Propeller  operation,  even  with  idiintr  power  applied,  may 
also  a[)|)r('cial)ly  inert'ust'  the  <4  an  airplane'  ovt'r  that 

i  nu'asun'd  with  the  propeller  reniovt'd.  In  comparin^^  wind- 
^  tuniK'l  tnul  lliiifht  nu'asun'inents  of  conditions  of  [)ro- 

i  pelh'r  ofX'ration  must  tlu're'fort*  he*  r(‘pi’oduc('d.  The  ('llect 
j  of  idlin^^  propt'llers  on  tiu'  maximum  lift  coeflicit'nt  of  two 
j  tyt)ical  pres('nt-day  air[)lan('s  (air|)Ian(‘s  o  and  2")  is  shown  in 
‘  fi^oirt'  4d.  The  measun'im'nts  wt're'  madt'  in  th('  wind  lumu'l 
l>y  comph'tt'ly  (dosinir  tin'  ('iisriiu'  throtth's  and  me'asurin^ 
th(‘  forct's  with  the'  ('iiirim'  idling.  I ncn'ases  of  0. 1 0  and  O.OS 
in  (',  dih'  to  th('  idling  i)ro[)ell('rs  wen.'  nu'asiirt'd  for  air- 

’'mnr  ^  '  ‘ 

plain's  o  ami  2,  I’e'spc'ct ivf'ly. 


Roynolds  ni/mbcr.  R 

KuiriiE  I'J.  Kifpct  of  Koynolds  niniit»‘r  on  ihc  nnixtmiim  lift  rootllciiMit  of  scvoml  iiiryliuu'S 
imd  fin  \A(\\  witm  losii-d  in  tlu-  I.iinuU'y  fnll-sciilc  tunnol. 


Full-scale-tuniK'l  and  flight  dett'rniinalions  of  the  maxi¬ 
mum  lift  cof'tlicif'ni  of  an  airplaiU'  hav(>  Ixm'U  shown  to  Ix' 
in  airn'f'itu'nt  wlu'n  tests  w(*r('  made'  under  similar  te'st  con- 
ilitions  of  Ri'vnolds  nund)('r,  slipstn'am.  and  time'  rate'  of 
chaiiLTi'  of  an^It'  ol  attack  ihx  df.  As  an  example',  re'lere'uci' 
is  made'  to  compai’ative'  lli^ht  ami  full-scaie-lunm'l  iiK'asnre'- 
ments  of  the  of  airplam*  IS  (re'fen'nce  12,).  Special 

care'  was  take'ii  in  this  e'ase'  to  n'pre)eluce‘  tin'  lli^ht  te'st  con- 
ditie)ns  in  the'  winel  tunm'I  ami  tin'  re'sults  of  the'  me'asure'- 
nn'iits  she)we'el  aejfre'e'me'nt  within  pe'rcemt. 

The'  maximum  lift  e'oe’Hie'ie'uts  e>l  airplane'  1  I  as  elete'rmine'el 
for  se've'ral  llap  d('ll(*e-tie)ns  fre)m  full-scah'-t unnel  and  liiirht 
te'sts  are*  compare'el  in  tillin'  44.  The  lai’^e  eliscrepancie's 
he'twe'e'u  the*  twe)  se'ls  of  measureme'iits  are  attrihute'el.  in 
this  e-ase,  te)  elilfere'm'e's  in  the  te'stin^  technique's.  An 
analysis  e)f  the'  lli^ht-test  re'e*e)rels  she)we‘el  that  the'se 
measure*nn*nts  we're*  made  at  value's  of  varyinir  from 

0.2°  te)  1.0°  j)e'i'  se'ce)ml;  the*  full-scah'-l umn*l  me'asui'e'nn'nts 
were*  inaele  with  the  an^le*  e)f  attae*k  fixe'el.  The  full-se'ale'- 
tunne'l  nu'asure'me'nts,  in  aelelitie)n.  we're  niaele*  with  the  pro- 
[X'ller  remov'eel  from  the  air[)lane';  am!  the*  te'st  Re'yne)lels 
numhe'is  for  the*  full-scah'-t unne'l  measurements  were  Ix'- 
twe'e'ii  O.oXHPamI  1/MO"  less  than  the'  jliirht  te*st  Re'ymilels 
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.;mi;nts  ok  maximi  m  i.ht  coki-i  iciknts  and 
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(ONC’LUSIONS 

From  111.-  n-sults  of  maxiinuiu-lift  and  stall  nu-asm-onu>nts 
of  1.S  airplanes  tested  in  tl,.'  Lanel.-y  full-seale  tunnel,  the 

rollowiiiiT  <*on<*lusi()Ms  (IrinN  n . 

l.  laii-fre  iinprovenienls  in  the  stalling  eharaetensUes  and 
maxiinuin  lift  eoellieients  of  airplanes  can  he  obtained  by 
eareful  attention  to  detail  desisrn. 

2  Wintrs  haviiii:  hit.di  (a|)er  ratios  and  la.ee  amounts  of 
sxveei)ha<'k  have  been  shown  to  he  suhjeet  to  poor  s^ta  trig 
eharaeteristies  heeause  they  are  suseeplil>e  to  tip  "• 

The  proper  eoinl.inations  of  washout  and  <-hanges  i  eaml  ci 
and  wing  thiekn.’ss  from  root  to  tip  with  taper  will  usually 
produee  satisfaetory  stalls  on  wings  suhjeet  to  til)  stalling. 

:!  'I'he  adilition  of  fuselages  and  nacelles  to  win<^  fre- 
introiluees  eeiiters  of  local  sei.aration  and  may 
n.axi.num  lift  eoedieient  if  ll.e  wnig-fuselage  or 

wing-naeelle  juiietures  are  11(11  adeiiuately  laireil. 

4  l),.|leetion  of  llie  landing  Haps  generally  t. aided  to 
,|„.  i,||,oard  sections  of  a  wing  and  increased  the 
upwash  over  the  outer  unllapped  portions  (d  the  wing. 

.').  Fropi'ller  operation  will  generally  increase  the  severity 
of  the  stall,  especially  on  single-engine  air|)laiies.  by  producing 
an  asymmetrieiil  stall  pattern  and  by  eleaning  iMi  the  inboard 
sections  of  the  wings. 

(i  The  inaximum  lift  eoeHieienl  of  an  anphine  may  he 
appreciably  inereas.'d  by  the  elimination  ol  wing  surface 
rouidiness  and  air  leakage  through  the  wings. 

7"  The  detrimental  ellVels  of  placing  maehine  guns  and 
,|,e  leading  edge  of  a  wing  may  lie 
siderahlv  hv  properly  locating  the  guns  in  the  wings.  Ilightst 
maximimi  lilt  .'oellieieiits  were  measured  for  iiue-gun 

installations  in  which  the  ends  ol  the  l.arre  s  were  Hush  w  1. 
the  wing  surface  at  the  hauling  edge  and  slightly  alxni  the 
wing  eiiord  line  and  for  eamion  iiislallations  that  «eie 
submerged  in  the  wings. 

,s  Whio-dliet  inlets  with  wll-eamhered  upper  lips  prop¬ 
erly  alined  with  the  How  at  the  leading  edge  ol  the  sving  will 


’0  V  . 

/lop  iJctlcctn^n,  rf/,  Jl\] 

n  I  •..Milv.ris,,.,  lli.!.'  -.1  rull-K,.:.U.-mn,„  l  ..m,,-  ini.uin,,... 

iift  Ci.rlliciriit  (tfimplsme  ll.  iMill-xptm  lUp.  . 

Thee.xael  eonlrihutum  tof, . .  of  the  propeller, 

/«/./!  and  of  the  variation  in  Hrynolds  niimher  is  not 
Hilv  estimahle  al  present  heeause  ol  the  lack  ol  "  " 

or  experimental  data; 

,s  however,  indicated  that  the  eomhmed  ell.a  ts  ol  |)io- 
1,.,'  operation.  and  Keynolds  niiml.er  may  aeeoiint 

tli(‘  (liscr(‘|)iuu‘i<‘S  sliown  in  li^uio  44. 
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uvnomlly  miisp  no  nMiuction  in  llu‘  ninxinunn  lift  (‘(X'liiciiMil 
t>f  an  airplane;  wlua'tais  sul)stantial  litaTt'ases  in  llu’  inaxi- 
inuiu  lift  (•0(‘fliei(‘nt  ol  an  aii‘|)]an('  may  l>(‘  eaiisfal  l)\  duets 
with  the  inlet  [>laiie  piM’ptmdieular  to  l!u‘  chord  liiu*  and  hy 
inlet  lips  witli  small  leadint^-ed^m  radii. 

\).  The  increments  of  lift  co.-llicicMU  contrihuted  hy  split 
{laps  could  h(‘  (’ompnhal  with  sullicicnt  a<’(*uiac\  1)\  the  us(‘ 
of  two-dinu'iisional  t(‘st  data;  lor  slotl('d  lla[)s.  how(‘V(‘r,  tlu' 
nu'asured  incri'incnts  ot  lilt  <*ocHici('nl  W(‘r(‘,  on  tlu'  a\(‘iaii;(‘ 
about  20  perc(‘nt  lower  than  those  eah'ulali'd  ti’om  tlu' 
available'  t wo-dinu'usional  te'st  data.  1  lu'st'  low  value's  lor 
the  slotteal  Haps  are  attrihute'd.  maitdy.  te)  eiilliendt  ies  cn- 
(■ounte'ivd  by  juanufae't  urers  in  prealucin^-  slot  shape's  ed‘ 
e'llie'icnt  ae'rodynainie'  de'si^m. 

10.  In  a  single  inslane-e'  whe're'  ^u’e'at  care'  was  (ake'ii  to 
rcproeluce  the  te'st  e*onelit ie)ns  oi'  Ue'yne>lds  numlx'r,  prope'llcr 
operation,  and  the  time  rate  of  e*hanye  e)f  anyle  of  attack, 
satisfactory  aj^reeunent  of  the  maximum  lift  eau'die'ie'nts 
eh'termine'd  from  full-scale'-timnel  anel  (lit^ht  te'sts  was  ob¬ 
tained.  It  is  believe'd  that  eeiually  satisfactory  agreement 
may  be  obtained  with  e)lh('r  air[)lane'S  provided  that  sulli- 
eient  care  is  taken  to  rt'proeluce  the  test  ce)nelit ie)ns. 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  by  arrows 
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Absolute  -coe&cients  ol  monient 

'  r--^  o-^ 

^‘~(lbS  ’'~q.bS 

(rolling)  (pitching)  (ya,wihg) 


Angle  of  se^  of  contror  surface  (relative  to  nefltral 
position),  5.  (Indicate  surface  by  proper  subscHpt.) 


4.  PBOPELLEB  SYMBOLS 


D  Diameter  '  ,  '  •  p 

p  ^  Geometric  pitch  '  ^  ' 

pfD  Pitch  ratio'  '  .  n  . 

V  Inflow  velocity'  y  '  ,  /  i  '.'  ■  '  -  ^  ■ 

V,  Slipstream  ve^ocity^  '  — ;EfE€i 

T  Thrust,  absolute  coefficient  ,  ,  /”  ^Revo 

V- ■.  y;  ’  ^  A  ^  ..  'Effec 

Q  Torque,  absolute  coefficient 

5.  NUMERICAL  RELATIONS 


.  Power,  absolute  coeiEcient 
'  Speed-power  coefl3.cieat=^^^ 


-Efficiency 

Revolutions  per  second,  rps 
‘  Effective  helix  angle 


1  hp =76.04  kg-m/s=55b  ft-Ib/sec 
1  metric  horsepower =0.9863  hp 
I  mph=0.4470  mps-  ^  ^  ^  i  ; 

1  mps=2.2369  inph 


"  llb=0.4536  kg 

1  kg=2.2046,lb 
I  mi=i;609.35  m=5,280  ft 
i  m=3.2808  ft 


